The amino acid sequences of chains a, b, and c that form the trimer subunit of the extracellular hemoglobin from Lumbricus terrestris.
The extracellular hemoglobin of Lumbricus terrestris comprises four major heme-containing chains, a, b, c, and d in equal proportions. We have determined the amino acid sequences of chains a, b, and c which form a disulfide-linked trimer. Chains a, b, and c have 151, 145, and 153 residues and calculated molecular weights of 17,525, 16,254, and 17,289, respectively. The sequence of chain b, reported previously (Garlick, R. L., and Riggs, A. F. (1982) J. Biol. Chem. 287, 9005-9015) has been completely redetermined and found to contain 12 fewer residues than originally reported. Chains a and c both contain unusual, highly polar NH2-terminal extensions of 7 residues before the A helix. These segments must be close together because they are joined by a disulfide bond. We suggest that this structure, with seven negatively charged groups, may be part of a functionally important Ca2+-binding site in the trimer. Comparison of the sequences of chains a, b, and c with those of chain d (Shishikura, F., Snow, J. W., Gotoh, T., Vinogradov, S. N., and Walz, D. A. (1987) J. Biol. Chem. 262, 3123-3131) and the four chains of the hemoglobin of Tylorrhynchus heterochaetus (Suzuki, T., and Gotoh, T. (1986) J. Biol. Chem. 261, 9257-9267) shows that the number and positions of the cysteinyl residues are all conserved. This suggests that the extracellular hemoglobins from both the Oligochaeta and Polychaeta have the same number and configuration of disulfide bonds within the molecule. Phylogenetic analysis suggests that gene duplication first generated an intracellular hemoglobin branch and an extracellular hemoglobin branch. DNA coding for a signal peptide would have been acquired by the extracellular globin gene after this event. At least two further gene duplications are required to account for the present four polypeptide chains.